The kinetics of butadiene polymerization in hexane initiated by a catalyst prepared through the interaction of cobalt 2-ethylhexanoate with ethylaluminum sesquichloride and isoprene in the absence of water at Co : Al : isoprene = 1 : 20 : 20 (mol/mol) has been studied. The reaction orders with respect to the monomer and cobalt ethylhexanoate are estimated as 1.45 ± 0.04 and 1.5 ± 0.3 , respectively. The concentration of active centers of the catalyst turns out to be 60 mol % of the cobalt concentration, as determined by the fractional inhibition of polymerization with cyclopentadiene. The rate constant of chain propagation, as calculated from the kinetic data, appears to be 1700 l/(mol min). The effective activation energy is 25.1 ± 7.5 kJ/mol.
1 Dolgoplosk [1] and Longiave [2] were the first to investigate polymerization of butadiene with cobaltbased catalysts. They showed a high efficiency of catalysts composed of hydrocarbon-soluble cobalt compounds, dialkylaluminum chloride (R 2 AlCl), and water at Al : Co > 400 (mol/mol).
Butadiene is polymerized with cobalt-based catalysts in aromatic media (benzene, toluene) because, being π -electron donors, aromatic hydrocarbon molecules coordinate with Co atoms and stabilize active centers of the catalyst. This process makes it possible to prepare high-molecular-mass polymers containing up to 98% 1,4-cis -units. However, owing to the toxicity of aromatic hydrocarbons, their replacement by nonaromatic solvents presents an urgent problem. At the same time, polymerization in cyclohexane or hexane via the use of cobalt compound-R 2 AlCl-water systems yields nonstereoregular low-molecular-mass polymers.
At the laboratory of Organometallic Catalysis, Institute of Petrochemical Synthesis, Russian Academy of Sciences, a method was developed for the preparation of cobalt-based catalysts with low Al : Co ratios (10-20), in which ethylaluminum sesquichloride (EASC) was used instead of R 2 AlCl. Thus, water was excluded from composition of the catalytic system [3] . Moreover, this method of catalyst preparation provided a way of polymerizing butadiene in cyclohexane and even hexane and allowed preparation of a high-molecular-mass stereoregular polymer. Toluene was used only at the stage of catalyst formation.
Earlier [4] , we studied the kinetics of butadiene polymerization with a cobalt-based catalyst in toluene. This study is devoted to gaining insight into the kinetics of butadiene polymerization in a nonaromatic medium (hexane) with the use of the cobalt-based catalyst formed in toluene through the interaction of cobalt 2-ethylhexanoate with EASC and isoprene at Co : EASC : isoprene = 1 : 20 : 20 (mol/mol).
It was established that semilogarithmic transforms of kinetic curves remain linear only to monomer conversions of 35-40%, thus suggesting the unsteady-state character of polymerization (in toluene, the steadystate process proceeds to high conversions [4] ). The initial rate of polymerization w 0 was studied as a function of catalyst concentration at a monomer concentration of 1 mol/l and cobalt concentrations of (0.5 × 10 − 4 )-(2.0 × 10 -4 ) mol/l ( Fig. 1a ) and as a function of monomer concentration at a cobalt concentration of 1 × 10 − 4 mol/l and butadiene concentrations of 0.5-2.0 mol/l (Fig. 1b) . The reaction orders calculated with respect to the catalyst and the monomer were 1.5 ± 0.3 and 1.45 ± 0.04 , respectively (for polymerization in toluene, the reaction order with respect to the monomer varied from 1.4 to 1.5 as well and the reaction order with respect to the catalyst was 1.0 [4]). The reaction order higher than unity with respect to the monomer may be explained within the framework of a kinetic scheme implying that the polymer chain propagation partially occurs via coordination of one monomer molecule to an active center and subsequent displace- N. N. Glebova, N. N. Kostitsyna, O. K. Sharaev, and V 
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Topchiev Institute of Petrochemical Synthesis, Russian Academy of Sciences, Leninskii pr. 29, Moscow, 119991 Russia e-mail: yakovlev@ips.ac.ru ment of this molecule into a chain by another molecule. The reaction order equal to 1.5 with respect to the catalyst suggests that the polymerization proceeds with involvement of the dimeric form of the catalytic complex, which occurs in equilibrium with its basic monomeric form. It is not inconceivable that the association of active centers leads to their stabilization in the aliphatic medium (for butadiene polymerization in toluene catalyzed by the cobalt compound-R 2 AlCl-water system, the reaction orders with respect to the monomer and the catalyst are equal to unity [5, 6] ).
In the temperature range from 12 to 50 ° C, the effective activation energy of polymerization was found to be 25.1 ± 7.5 kJ/mol.
The concentration a 0 of functioning active centers of polymerization was determined by the fractional inhibition of polymerization with cyclopentadiene [7, 8] . For this purpose, a solution of freshly distilled cyclopentadiene in toluene was added to a solution of the cobalt-based catalyst, butadiene was added, and polymerization was carried out. The value of a 0 was calcu-lated from the plot of w 0 as a function of the amount of the cyclopentadiene being added (Fig. 1c ). This value was found to be 60 mol % on the basis of the cobalt concentration (for polymerization in toluene, a 0 = 43 mol % [4]). Given the value of a 0 , the rate constant k p of chain propagation may be easily calculated. This value is 1700 l/(mol min), which is by several times higher than k p for polymerization in toluene (245 l/(mol min) [4] ). This fact indicates an extremely high activity of the cobalt-based catalyst in the aliphatic medium.
EXPERIMENTAL
Solvents (toluene and hexane) and dienes (butadiene and isoprene) were purified by methods used for handling high-activity organometallic compounds and stored in Schlenk vessels or sealed ampoules under dry pure argon or in vacuum. Cyclopentadiene was distilled directly prior to use. All the experiments were carried out in vacuum or under dried oxygen-free 
